To determine the effect on gastric contents of unlimited clear fluid ingestion by children up to two and a half hours and then up to two hours before elective surgery, 228 healthy children (ages two to twelve years) were prospectively studied. During Phase I of this study subjects ingested unrestricted volumes and types of clear fluids up to three hours (control group) or two and a half hours before surgery. After establishment of adequate anaesthesia, gastric fluids were aspirated via an orogastric tube. Gastric volume was measured with a syringe and gastric pH was determined. After determining that there was no adverse effect associated with reducing a clear fluid fast to two and a half hours, Phase II of the study was begun. The methods for Phase II were unchanged except that unlimited clear fluids were permitted up to three hours (control group) or two hours preoperatively. In both Phase I and II, gastric volume and gastric pH were unaffected by reducing the fast to less than three hours. It is concluded that ingestion of unlimited clear fluids up to two hours before elective surgery does not affect gastric contents of healthy children.
SUMMARY
To determine the effect on gastric contents of unlimited clear fluid ingestion by children up to two and a half hours and then up to two hours before elective surgery, 228 healthy children (ages two to twelve years) were prospectively studied. During Phase I of this study subjects ingested unrestricted volumes and types of clear fluids up to three hours (control group) or two and a half hours before surgery. After establishment of adequate anaesthesia, gastric fluids were aspirated via an orogastric tube. Gastric volume was measured with a syringe and gastric pH was determined. After determining that there was no adverse effect associated with reducing a clear fluid fast to two and a half hours, Phase II of the study was begun. The methods for Phase II were unchanged except that unlimited clear fluids were permitted up to three hours (control group) or two hours preoperatively. In both Phase I and II, gastric volume and gastric pH were unaffected by reducing the fast to less than three hours. It is concluded that ingestion of unlimited clear fluids up to two hours before elective surgery does not affect gastric contents of healthy children.
Key Words: ANAESTHESIA: paediatric; COMPLICATIONS: aspiration, prophylaxis; GASTROINTESTINAL TRACT: gastric emptying, gastric pH, gastric volume Clear fluid ingestion on the day of surgery improves a child's preoperative experience and behaviour and decreases a child's thirst and hunger. 1-3 Some studies have shown that it may be safe for children to ingest limited volumes and types of clear fluids two and two and a half hours before elective anaesthesia. 1-5 Specifically, 3, 6 and 10 ml.kg-I of apple juice may, without adverse effects on gastric contents, be ingested two and a half hours preoperatively.I,2 Similarly, 2 ml.kg-I of water and 5 ml.kg-I of clear orange juice ingested two hours before surgery do not affect gastric fluid volume and acidity at induction of anaesthesia. 4 ,5 In addition to the above, investigators have not observed untoward effects on the gastric contents of healthy children who consumed partially restricted clear fluid up to two hours preoperatively3 and unrestricted volumes and types of clear fluids up to three hours preoperatively. 6 °M.D., F.R.C.P., Clinical Lecturer. tM.D., F.R.C.S., Clinical Lecturer.
Clear fluids rapidly empty from the stomach because they follow first-order kinetics. 7 Due to this rapid rate of emptying, it was hypothesised that healthy children, ages two to twelve years, could ingest unlimited volumes of clear fluids up to two hours before elective surgery. Before establishing this premise, it was deemed appropriate, for ethical reasons, to validate a two and a half hour clear-fluid fast. From a practical point of view, this investigation would help clarify the management of healthy children who ingested unrestricted clear fluids two to three hours before surgery.
MATERIALS AND METHODS This study was approved by the Hospital Ethics Committee. Patients were excluded if there was a history of gastrointestinal disease or if the patient was receiving medication (including premedicant drugs) which might affect gastric contents. Parental consent was obtained.
Phase I
Eighty healthy children ages two to twelve years and scheduled for elective surgery were randomly assigned to one of two groups. Subjects in group A and B were allowed to ingest unlimited volumes and types of clear fluids 8 up to three and two and a half hours, respectively, before surgery.
For the purpose of this study, clear fluids were defined as aqueous solutions, which are liquid at 3 r c. 8 Non-clear fluids, suspensions and emulsions, such as milk and most broths, and solid food were not permitted. Parents and/or nursing staff were asked to monitor accurately the amount and type of fluid ingested.
After the establishment of an adequate and stable level of anaesthesia, a 14 or 16 Fr. Levin® gastric tube was passed orally into the stomach by the same investigator, who was unaware of the patient's fasting status. After confirmation of gastric tube position by auscultation, stomach contents were aspirated with the gastric tube in several positions and the patient tilted head-up, head-down, to the right and to the left. Gastric volume (GV) was measured by syringe, and gastric pH (GpH) was determined using pH paper (Merck pH 0-14 and pH 0-2.5). An acceptable correlation between the values obtained by Merck paper and various pH electrodes has been noted. 9 GV less than 1.0 ml was assigned the value of 0.5 m!.
Phase II
In the second phase of this study, 148 children were randomly assigned to one of two groups. Subjects in group C were permitted unlimited clear fluids up to three hours preoperatively (as in group A). Children in group D were allowed unlimited clear fluids up to two hours preoperatively. Fluids permitted and the method of aspiration and measurement of gastric contents were all managed in a manner identical to that in Phase I.
For the purpose of this study, 'risk' factors for aspiration pneumonia were defined as 1. GpH~2. 5 and GV;::,O.4 ml.kg-1 and 2. GV;::,1.0 m!.kg-l.
Comparisons between groups (A and B, C and D) were made using an unpaired Student's t test for parametric data (e.g. weight, age), Mann-Whitney-U tests for non-parametric data (e.g. gastric pH and GV), and Chi-squared analysis or Fisher's exact test for binomially-distributed data (e.g. gender, in-patient/out-patient status, risk factors for pulmonary acid-aspiration syndrome). The potential relationship between GV, GpH, and volume ingested (m!.kg-l) versus age, gender, weight, in-patient/out-patient status, volume ingested and length of fast was evaluated by forward stepwise linear regression analysis. Differences were considered statistically significant if P< 0.05. Sample size for Phase I was determined by assuming the standardised difference would be 0.6 and by setting the power at 0.80. Sample size for Phase II was calculated by setting the power at 0.90 and assuming the standardised difference would be 0.55. (The standardised difference was decreased because the observed SD for Phase I was slightly higher than expected.)
RESULTS
There was no significant difference between the groups' gender, age, weight or ASA physical status (Table 1) . Children in groups A and C had a significantly prolonged fast when compared with groups Band D, respectively (Table 1) . The duration of fast ranged from 1.3 to 6.9 hours (Figure 1) .
The children ingested from 15 to 1610 ml (mean = 12 m!. kg-l , SD 9) of clear fluids, which included clear fruit juices, water, soda pop, Kool Aid® and Jello® (Figure 2 ). Neither GV nor gastric pH were affected by the fasting interval (Table 2 and Figure 3 ). By forward stepwise linear regression analysis age was a significant predictor of GV, P < 0.0001.
For each year of age GV increased by 0.042 m!.kg-l (95% c.i. = 0.024-0.060 ml.kg-' ), (Figure 4 ). pH was positively affected by the volume ingested (ml.kg-I), such that, as the volume ingested increased by 10 ml.kg-1 , pH increased by 0.1 7 (95% c.i. = 0.03-0.31) ( Figure 5 ). The volume ingested (ml.kg-I ) decreased as age increased (P< 0.001, Figure 6 ) and if the subject was an out-patient (P< 0.05).
The different time restrictions on clear fluid ingestion did not alter the incidence of: 1. GV > 0.4 ml.kg-I and GpH < 2.5; or 2. GV> 1.0 ml.kg-I (Table 3) .
Because the observed standard deviation of GV was slightly higher than predicted the power of Phase I and II was reduced to 0.69 and 0.78, respectively.
DISCUSSION
Based upon the results of this study, the ingestion observed just the opposite, i.e. GV decreased as age increased. There is probably no clinical relevance to our observation because older children do not appear to have an increased incidence of aspiration pneumonia. 12 The ingestion of increasing volumes of clear fluids decreased the acidity of gastric contents. The mechanism of this beneficial effect of fluid ingestion is unknown. Gastric contents may have been diluted by fluid ingestion or gastric acid secretion may have been decreased due to diminished patient stress. Younger children ingested more fluids (ml.kg-I) than older children. This was expected. The volume ingested by in-patients was greater than outpatients. In-patients may have greater accessibility to clear fluids because they were routinely offered a clear fluid breakfast while out-patients would not be expected to ingest clear fluids during their trip to the hospital.
The patients in this study ingested only clear fluids on the day of surgery. Before permitting the GV increased as age increased. This investigation has several minor limitations. Subjects who were unhealthy, who received premedicant drugs, who were non-elective, and whose age was outside the age studied, were not investigated. Gastric volumes obtained by aspiration is the current standard and has been validated in adults under anaesthesia,13 but this method underestimates gastric contents. Thus, the values determined are relative, not absolute. The alternative to direct gastric aspiration is the 14, 15 Because GV and gastric pH were determined by an identical technique and in a blinded fashion, the significance of the results is unaffected by the slight underestimation of gastric volumes. The definition of 'risk' factors for gastric aspiration syndrome used in this study are based on published standards. 3 ,lo,16 This very conservative definition overestimates risk of gastric aspiration. (Absolute GV> 8 ml.kg-I likely represents a true risk factor for gastric aspiration syndrome. 17 ) This definition permits comparison with other studies and the identification of patients with large volume gastric contents. Patients with GV > 1.0 ml.kg-I are probably in a high risk group.
In summary, the ingestion of unlimited clear fluids by healthy two-to twelve-year-old children up to two hours before elective surgery does not affect gastric contents.
